Abstract: Inflammatory bowel disease (IBD) is an inflammatory condition of the digestive tract not caused by infectious agents. Symptoms of IBD, such as diarrhea and pain, diminish one's quality of life. Underlying immune dysregulation may put IBD patients at risk for severe infectious disease making preventative vaccination highly recommended. Therefore, this study sought to assess rates of pneumococcal vaccination in patients with IBD.
INTRODUCTION
P atients with inflammatory bowel disease (IBD) have underlying immune dysregulation; they also frequently require exogenous immunosuppressive agents of different types both as induction and maintenance therapies for their disease state. 1 As a consequence, most patients with IBD are at increased risk of developing severe manifestations of infectious diseases. 2 Therefore, the proper use of vaccinations to protect against certain infectious conditions takes on added importance in the IBD patient population. In general, the vaccination schedule for adults with IBD is the same as that for the general adult population, with the caveat that live attenuated vaccines are contraindicated in patients already receiving biologic agents. Several studies and surveys have demonstrated suboptimal rates of vaccination in IBD patients, 3, 4 despite fairly clear consensus on which vaccines are appropriate. Probable reasons for this underutilization include a lack of awareness of the problem on the part of clinicians, fear of potential adverse effects from vaccines, and ambiguity as to the role of the primary care provider versus the gastroenterologist in assuming responsibility for immunizations in this particular population. 5 Accordingly, it would seem there is a potential need for the development of systems, tools, and standardized processes for facilitating clinician adherence to recommendations regarding immunizations in IBD patients. Such processes may be more easily developed and more effective within large health care systems such as the Veterans Health Administration (VHA) system.
Pneumococcal infection causes more deaths annually in the United States than any other vaccine-preventable illness. 6 Current Centers for Disease Control and Prevention guidelines from 1997 recommend pneumococcal vaccination for all adults aged 65 years and older, adults on chronic immunosuppressive therapy, and those with chronic illnesses including IBD. This recommendation is echoed in the 2004 guidelines for IBD patients put forth by Sands et al, 7 in the 2009 guidelines from the European Crohn's and Colitis Organisation, 8 and in multiple reviews since that time. 9, 10 In addition, a 1-time booster vaccination after 5 years is recommended for those patients on immunosuppressive medications.
Although, the VHA operates the nation's largest integrated health care system, IBD and compliance with the pneumococcal vaccination has not been sufficiently studied in this population. Accordingly, this study's aims were to describe the population of VHA patients with IBD as they appear in administrative databases and assess rates of compliance with pneumococcal vaccination in the VHA population of IBD patients.
METHODS
A cross-sectional study was conducted on system-wide data from the VHA to assess the proportion of patients diagnosed with IBD who have received the pneumococcal vaccine. 
Measures
Pneumococcal vaccination was identified by Common Procedural Terminology codes 90669, 90670, 90732, and G0009. 12 Covariates included age in years (also dichotomized as <65 vs 65 or older), sex, marital status, chronic disease burden (Selim physical comorbidity score, adapted to exclude IBD, and Selim mental comorbidity score which includes alcohol and drug use disorders), 13 Charlson comorbidity score (mortal illnesses including indicators for cirrhosis, myocardial infarct, human immunodeficiency virus, acquired immune deficiency syndrome, etc), 14 Death data were used to indicate death within 1 year post-IBD diagnosis and to generate survival in years through the end of the follow-up period on September 30 2010; patients diagnosed earlier in the study had longer follow-up. VHA priority status 1 to 8 defines ''valid Veteran status.'' Priority is assigned by the VHA based on military experiences, disability, and poverty. Priority 1 means 50% to 100% disabled from a military servicerelated condition, Priority 2 indicates 30% to 40% serviceconnected disability, Priority 3 10% to 20% service-connected disability or special cohort, Priority 4 catastrophically disabled/ homebound, Priority 5 very low income, Priority 6 special cohorts, Priority 7 and 8 are veterans who agreed to copayments for both pharmacy and care. VHA Priority 1 veterans have no copays. Veterans with VHA Priority 2 to 6 have pharmacy copays only.
Data Source
The Surgical Treatment Outcomes for Patients with Psychiatric Disorders (STOPP) data repository or STOPP Study extracted data from VHA administrative databases from VHA's all-electronic medical record system for 8 million patients treated during fiscal years FY2005 to FY2009 to examine surgical rates and outcomes of veterans with serious mental illness. Its data served as the basis for the STOPP Data Repository (Copeland -Principal Investigator, Protocols #00412 and #00532). 17 Data were derived from VHA inpatient, outpatient, vital statistics, pharmacy, and enrollment files, assured for quality through extensive data processing routines. The Data Repository was designed to provide for reuse of the STOPP study data in new protocols such as this study of IBD. This database-only study was approved by the Central Texas Veterans Health Care System Institutional Review Board via expedited review prior to initiation and exempted by the Scott & White Institutional Review Board.
Analysis
Rates of vaccination were determined and patient characteristics presented as counts (percentages) or means (standard deviations [SDs] ). We modeled receipt of pneumococcal vaccine (at any time) in multivariable logistic regression models, to quantify the effects of demographic covariates, immunosuppressive medication, and comorbidity burden. Similar models assessed factors related to vaccination before IBD, at IBD diagnosis, and after IBD diagnosis, as well as 1-year post-IBD mortality. In these multivariable models, effects were reported as odds ratios with their 95% confidence intervals. Odds ratios <0.33 or >3.0 represent strong effect sizes. 18 Model fit for logistic regression was assessed by the c-statistic which ranges from 0.50 (for a model whose fit is no better than chance) to 1.0 (perfect prediction of the outcome). A proportional hazards model estimated the effect of vaccination on survival, adjusting for clinical and demographic covariates and censoring by the end of the observation period. Analyses were completed in SAS V9.2 (SAS Institute, Cary, NC), assuming a criterion significance level of .05.
RESULTS
There were 49,350 prevalent cases of IBD treated in the VHA during FY2005 to FY2009. Incidence was approximately 6000 new cases identified in medical records per year (see Table 1 ). Patients ranged in age from 19 to 98 years with a mean age of 62 (SD 15) years. About 45% of the IBD cohort was aged 65 or older. Approximately 1 in 20 patients was a female veteran, and 1 in 5 was VHA Priority 1 indicating 50% to 100% disability from a military service-connected condition. Comorbidity levels were modest, averaging 2 chronic physical conditions (SD 2). Specific comorbid conditions included hypertension (46%), dyslipidemia (38%), diabetes (18%), and anemia (11%). About 10% of the cohort was on immunosuppressive drugs in any year. Only 20% of the cohort received pneumococcal vaccination, with 5% being vaccinated prior to IBD diagnosis, 2% on the date of diagnosis with IBD, and 13% after diagnosis. In the first year after IBD diagnosis, 261 patients (1%) were hospitalized for pneumonia, 6317 (13%) for allcause. Over the period of observation, 16% of the cohort died (n ¼ 7724). One-year mortality was lower for those vaccinated relative to the unvaccinated (2.1% vs 4.5%, x 2 ¼ 127.9, df ¼ 1,
Logistic regression models evaluated whether age, sex, married status, VHA Priority 1 (highly disabled) status, region of treatment (US Census regions Northeast, South, Midwest, West; or Puerto Rico/Virgin Islands where VHA also has Table 2 ). In this model, older patients were relatively less likely to get vaccinated before IBD diagnosis. One-year mortality was less for patients receiving pneumococcal vaccination at any time (Table 3) . The survival analysis, however, identified only vaccination after IBD diagnosis, female sex, being married, and prescription immunosuppressives in FY2009 as protective factors (Table 4) . Older, sicker, or highly disabled (Priority 1) veterans, as well as those living in the South, had increased risk of death over the longterm follow-up which ranged up to 4 years.
DISCUSSION
Patients with IBD are at an increased risk for pneumonia as compared with the general population, particularly when requiring medications such as steroids. 19 One recent study has demonstrated that Streptococcus pneumoniae is responsible for more pneumonia hospital admissions in IBD patients than either Haemophilus influenza or influenza virus. 20 These facts underlie the importance of adherence to the consensus recommendation for pneumococcal vaccination in IBD patients. [7] [8] [9] [10] Unfortunately, multiple published reports indicate widespread difficulty in achieving this, 21 with reported pneumococcal vaccination rates as low as 31% 4 or even 9%. 3 Our data demonstrated a similarly low rate of pneumococcal vaccination for IBD patients in the VHA system (20%).
This study is unique in its broad and comprehensive scope of data collection from 140 VHA medical centers and hundreds of outpatient clinics across the United States. Limitations include reliance on administrative extracts of the electronic health records systems; lack of clinical notes; inability to capture out-of-system or undocumented vaccination, which could significantly increase the estimated rate of vaccination; and the restriction of the data to the years FY2005 to 2009. Recommendations regarding pneumococcal vaccination in the IBD population have not changed since that time frame. Some centers have successfully undertaken quality improvement initiatives to try to increase compliance with vaccination recommendations. For 1 center's immunosuppressed IBD patients, the pneumococcal vaccination rate was increased from 31% to 54% simply through the use of a 1-page vaccination questionnaire distributed to all patients in the IBD clinic. 4 A recent survey suggests that the majority of US gastroenterologists believe that the responsibility for vaccination of IBD patients should rest with the primary care physician. 5 The same survey results suggested that a knowledge deficit may be the primary reason why gastroenterologists feel this way. Regardless of one's belief in the theoretical role of primary care physician versus subspecialist, it seems clear that the status quo is unacceptable. We believe that gastroenterologists can and should take active roles in assuring that their IBD patients are appropriately immunized.
Health care systems should use all tools at their disposal to increase rates of vaccination among patients with IBD. These may include features of an electronic health records system, patient flyers or other low-cost interventional efforts, and academic detailing within clinical units. The primary determinants of success in delivering quality care will continue to be the clinician's knowledge of recommendations, and vigilance in following them, filtered through individual clinical experience and judgment. No mere tool, no matter how well developed, can be an adequate substitute for these qualities. 
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